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(57) ABSTRACT

A semiconductor device having enhanced passivation integ-
rity is disclosed. The device includes a substrate, a first layer,
and a metal layer. The first layer is formed over the substrate.
The first layer includes a via opening and a tapered portion
proximate to the via opening. The metal layer is formed over
the via opening and the tapered portion of the first layer. The
metal layer is substantially free from gaps and voids.
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1
SYSTEMS AND METHODS TO ENHANCE
PASSIVATION INTEGRITY

REFERENCE TO RELATED APPLICATION

This application is a continuation of U.S. application Ser.
No. 13/974,400 filed on Aug. 23, 2013 now U.S. Pat. No.
9,076,804, the contents of which are incorporated by refer-
ence in their entirety.

BACKGROUND

Semiconductor device fabrication is a process used to cre-
ate integrated circuits that are present in everyday electrical
and electronic devices. The fabrication process is a multiple-
step sequence of photolithographic and chemical processing
steps during which electronic circuits are gradually created
on a wafer composed of a semiconducting material. Silicon is
an example of a typical semiconductor material used in the
fabrication process, however other types of semiconductor
materials can be utilized.

One layer often used in semiconductor devices is a passi-
vation layer. Passivation layers are formed over other layers in
order to protect the underlying layers from other materials
utilized in the fabrication process, including solutions, gases,
plasmas and the like. Any unwanted gaps or holes in passiva-
tion layers can result in damage to underlying layers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an example semicon-
ductor device fabrication system.

FIG. 2 is a flow diagram illustrating a method using a
tapered profile and modulation bars/spacers to enhance pas-
sivation integrity.

FIG. 3A is a top view of masks that can be utilized to
fabricate the semiconductor device with enhanced passiva-
tion coverage for a conductive via.

FIG. 3B is a cross sectional view of the semiconductor
device fabricated using the method.

FIG. 3C is a cross sectional view of the semiconductor
device after patterning the hardmask layer.

FIG. 3D is a cross sectional view of the semiconductor
device after a taper etch of the hard mask layer.

FIG. 3E is a cross sectional view of the semiconductor
device after formation of a metal layer.

FIG. 3F is a cross section view of the semiconductor device
having a layer of photoresist covering a via portion of the
metal layer.

FIG. 3G is a cross sectional view of the semiconductor
device after patterning the metal layer.

FIG. 3H is a cross sectional view of the semiconductor
device after formation of another passivation layer.

FIG. 4 is a flow diagram illustrating a method utilizing a
modulation spacer to increate a step angle and enhance pas-
sivation layer coverage rate.

FIG.5A is a cross sectional view of a semiconductor device
fabricated using the method.

FIG. 5B is a cross sectional view of the semiconductor
device after formation of a thin film over the device.

FIG. 5C is a cross sectional view illustrating the semicon-
ductor device after formation of modulation spacers.

FIG. 5D is a cross sectional view of the semiconductor
device after formation of a metal layer.

FIG. 5E is a cross sectional view of the semiconductor
device after patterning the metal layer.
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FIG. 5F is a cross sectional view of the semiconductor
device after formation of a second passivation layer.

DETAILED DESCRIPTION

The description herein is made with reference to the draw-
ings, wherein like reference numerals are generally utilized to
refer to like elements throughout, and wherein the various
structures are not necessarily drawn to scale. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to facilitate understanding. It may
be evident, however, to one skilled in the art, that one or more
aspects described herein may be practiced with a lesser
degree of these specific details. In other instances, known
structures and devices are shown in block diagram form to
facilitate understanding.

Generally, semiconductor fabrication involves performing
a relatively large number or process steps on a wafer or
semiconductor material in order to produce a desired semi-
conductor integrated circuit. The fabrication process is a mul-
tiple-step sequence of photolithographic and chemical pro-
cessing steps during which electronic circuits are gradually
created on a wafer composed of a semiconducting material.

The process steps can be broken down into front end of line
(FEOL) processing and back end of line (BEOL) processing.
In one example, over 300 sequenced process steps are
required to form an integrated circuit on a semiconductor
wafer.

FIG. 1 is a block diagram illustrating a semiconductor
device fabrication system 100. The system 100 can be utilized
to remove nitride related precipitate from semiconductor
devices during fabrication. The removal process utilizes
phosphoric acid.

The system 100 includes a process tool 104 and a control
component 106. The system performs operations on a semi-
conductor device or wafer 102. The semiconductor device
102 includes an oxide layer.

The process tool 104 can include one or more tools, tem-
perature chambers, and the like that are utilized in semicon-
ductor fabrication. The control component 106 initiates a
process to enhance passivation coverage. In one example, the
process utilizes modulation bars and a tapered hard mask to
improve gap fill. In another example, the process uses a taper
or step angle to enhance passivation coverage. Additional
details are described in the methods below.

FIG. 2 is a flow diagram illustrating a method 200 using a
tapered profile and modulation bars/spacers to enhance pas-
sivation integrity. A hardmask layer is formed with a tapered
profile and modulation bars prior to forming a metal layer. As
a result, voids and the like in the metal layer are mitigated.
Thus, a passivation layer can be formed over the metal layer
with improved coverage. The method 200 mitigates gaps or
holes in passivation layers, enhances coverage and, as a
result, protects underlying layers.

The method 200 is described in conjunction with FIGS.3A
to 3H in order to facilitate understanding. However, it is
appreciated that the extra figures are provided for illustrative
purposes and are not intended to limit the method 200 to the
arrangements shown therein. FIGS. 3A to 3H depict a semi-
conductor device fabricated using the method 200.

FIG. 3A is a top view of masks 318 that can be utilized to
fabricate the semiconductor device with enhanced passiva-
tion coverage for a conductive via. The masks 318 are utilized
to form modulation bars within a hardmask layer, as shown
below. The masks exhibit a larger corner angle at 320 to
improve coverage rate. The masks also show and define a
modulation bar length ‘[’ and a via hole width “b’.
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A semiconductor device having a substrate, a first passiva-
tion layer, and a hardmask is provided at block 202. The
substrate can include one or more layers and/or structures.
The substrate includes a top metal (TME) layer. The first
passivation layer is formed over or on the substrate. The first
passivation layer is comprised of a passivation material, such
as silicon nitride, silicon dioxide, and the like. The first pas-
sivation layer can be formed by a suitable deposition process,
such as chemical vapor deposition, plasma enhanced chemi-
cal vapor deposition, and the like. The hardmask layer is
formed over or on the first passivation layer.

FIG. 3B is a cross sectional view of the semiconductor
device fabricated using the method 200. The device is
described as an example for illustrative purposes.

The device includes a substrate 302 having a TME layer
304 formed therein. A first passivation layer 306 is formed
over the substrate 302. Additionally, a hardmask layer 308 is
formed over the first passivation layer 306.

The hardmask layer is patterned at block 204 to form a via
opening and modulation bar openings. The via opening
exposes a portion of the underlying layer, the first passivation
layer. The modulation bar openings expose modulation por-
tions.

FIG. 3C is a cross sectional view of the semiconductor
device after patterning the hardmask layer. The hardmask
layer 308 has been patterned as described at block 204. The
hardmask 308 includes a via opening 322 and modulation bar
openings 320.

A taper etch is performed at block 206 in order to taper
portions of the hardmask layer. The taper etch is performed at
an angle such that portions closest to a via region are etched
more than those further away. The taper etch uses modulate
spacers and etch loading. The taper etch defines a tapered
portion or ladder shaped film behavior; including a taper
angle, via width, and a via height for the hardmask layer.

FIG. 3D is a cross sectional view of the semiconductor
device after a taper etch of the hard mask layer. The hardmask
layer 308 was previously patterned at block 204. Here, the
taper etch of block 206 forms tapered portions of the hard-
mask layer 308. The tapered portion is also referred to as a
ladder shaped film. The taper etch defines a taper angle 312,
which is greater than 90 degrees, and in another example, is
greater than about 100 degrees. The taper angle 312 plus the
angle 310 equal 180 degrees.

The taper etch also defines the via width ‘b’ and the via
height ‘a’ for the hard mask layer. A spacing distance S of the
modulation bars is shown as ‘S’. A width of the modulation
bars is shown as ‘“W’. These portions are identified in FIG.
3D.

An aspect ratio is defined as b/a, which in one example
ranges from about 2 to 5. The via hole width ‘b’ is greater than
or equal about 2 um in one example. The number of hardmask
spacers, also referred to as modulation bars is greater than or
equal 1. The space S in one example is greater than or equal to
about 0.5 um. The width W of the modulation bars is greater
than or equal to about 0.5 um. It is noted that the S and W can
vary from each other. A modulation bar length ‘I’, shown in
FIG. 3A, is within a range of about 0.5 um to about 2 um, in
one example.

A metal layer is formed over the device at block 208. The
metal layer is formed by a suitable metal deposition process,
such as sputtering, and the like. The metal layer includes a
metal material, such as AlCu, in one example. The modula-
tion bars and tapered portions of the hardmask layer facilitate
forming the metal layer properly, in particular within a via
region.
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FIG. 3E is a cross sectional view of the semiconductor
device after formation of a metal layer. The metal layer 314 is
shown formed over the device. In this example, the metal
layer 314 is comprised of AlCu. It can be seen that portions of
the metal layer 314 extend through the hardmask 308 modu-
lation bars and the first passivation layer 306 and down to the
underlying substrate 302 and the TME 304.

The metal layer is patterned using a layer of resist to form
a conductive via at block 210. A layer of resist is formed and
utilized with a suitable patterning process to remove portions
of the metal layer. The remaining portion forms the conduc-
tive via. A suitable metal patterning process is utilized. It is
appreciated that other suitable patterning processes can be
utilized.

FIG. 3F is a cross section view of the semiconductor device
having a layer of photoresist covering 316 a via portion of the
metal layer 314.

FIG. 3G is a cross sectional view of the semiconductor
device after patterning the metal layer 314. The remaining
portion of the metal layer 314 is a conductive via. The layer of
resist 316 has also been removed.

A second passivation layer is formed over the device at
block 212. The second passivation layer is also comprised of
a suitable passivation material, such as silicon nitride, silicon
dioxide, and the like. The passivation layer forms over the
conductive via with a suitable or enhanced coverage rate. As
a result, the passivation layer protects the underlying layers,
including the conductive via.

In contrast, other techniques to form such passivation lay-
ers over conductive vias are problematic. The use of the
modulation bars and tapered portions mitigate creation of
voids or gaps within the conductive via. The voids or gaps
prevent proper formation of the passivation layer and permit
damaging of underlying layers.

FIG. 3H is a cross sectional view of the semiconductor
device after formation of another passivation layer. Here, a
second passivation layer 317 is formed over the semiconduc-
tor device. It can be seen that the second passivation layer 317
covers all or substantially all portions of the remaining metal
layer 314.

It is appreciated that variations in the method 200 are
contemplated. The number, size and shape of hardmask
modulation bars and the taper angle can vary. Further, addi-
tional blocks and/or processes can also be performed.

FIG. 4 is a flow diagram illustrating a method 400 utilizing
a modulation spacer to increate a step angle and enhance
passivation layer coverage rate. The method 400 utilizes a
modulation spacer prior to forming a metal layer to mitigate
gaps and/or voids in the metal layer. Thus, a passivation layer
formed over the metal layer has improved coverage and gaps
in the passivation layer are mitigated.

The method 400 is described in conjunction with FIGS. 5A
to 5F in order to facilitate understanding. However, it is appre-
ciated that the extra figures are provided for illustrative pur-
poses and are not intended to limit the method 400 to the
arrangements shown therein. FIGS. 5A to 5F depict a semi-
conductor device fabricated using the method 400.

The method begins at block 402, wherein a semiconductor
device is provided. The device includes a substrate, a TME
layer, and a first passivation layer. The substrate can include
one or more layers and/or structures. The substrate includes a
TME layer. The first passivation layer is formed over or on the
substrate. The first passivation layer is comprised of a passi-
vation material, such as silicon nitride, silicon dioxide, and
the like. The first passivation layer can be formed by a suitable
deposition process, such as chemical vapor deposition,
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plasma enhanced chemical vapor deposition, and the like. A
portion of the passivation layer overlying the TME layer is
removed.

FIG.5A is across sectional view of a semiconductor device
fabricated using the method 400. The device is provided as an
example in order to facilitate understanding. It is appreciated
that other varied semiconductor devices are contemplated.

The device is provided as described in block 402. The
device includes a substrate 502, which has a TME layer 504
formed therein. A first passivation layer 506 is formed over
the substrate 502. It has an opening over at least a portion of
the TME layer.

A thin film is formed over the device at block 404. The thin
film has an etch rate varied from the first passivation layer. In
one example, the thin film has a selective etch rate between
the film and the first passivation layer larger than 1. In another
example, the thin film is formed with a thickness of about 0.6
um.

FIG. 5B is a cross sectional view of the semiconductor
device after formation of a thin film 508 over the device. The
thin film 508 is formed as described in block 404. The thin
film 508 covers the first passivation layer 506 and portions of
the TME layer 504.

A spacer etch is performed at block 406 to selectively
remove portions of the thin film and leave modulation spac-
ers. The modulation spacers are formed on edges or sidewalls
of the first passivation layer and may also be referred to as
tapered portions of the thin film. The modulation spacers have
a spacer angle, typically larger than about 100 degrees. Addi-
tionally, there is a via distance between the spacers and on the
TME layer.

The spacer etch, in one example, utilizes a selective etch
rate between the thin film and the first passivation layer. The
etch removes the thin film from a surface of the first passiva-
tion layer and a portion of the TME layer. As a result, the
modulation spacers are formed.

FIG. 5C is a cross sectional view illustrating the semicon-
ductor device after formation of modulation spacers 510. It
can be seen that the thin film 508 shown in FIG. 5B is sub-
stantially removed leaving the spacers 510. The film 508 was
removed via the etch described in block 406.

The modulation spacers 510 are formed having a taper step
angle 512 and a via width/distance ‘b’. The spacers 510 have
a spacer height ‘a’, which also matches a height of the first
passivation layer 506. These values can vary upon implemen-
tation.

In one example, the via width ‘b’ is about 2 um. The aspect
ratio b/a is about 2 to 5. The taper step angle is greater than
about 100 degrees.

A metal layer is formed over the device at block 408. The
metal layer is formed by a suitable metal deposition process,
such as sputtering, and the like. The metal layer includes a
metal material, such as AlCu, in one example. The modula-
tion bars and tapered portions of the hardmask layer facilitate
forming the metal layer properly, in particular within a via
region.

FIG. 5D is a cross sectional view of the semiconductor
device after formation of a metal layer 514. In this example,
the metal layer 514 is comprised of AlCu and is formed as
described in block 408. It can be seen that portions of the
metal layer 514 extend to a surface of the TME layer 504, to
the first passivation layer 506 and to the modulation spacers
510.

The metal layer is patterned using a layer of resist to form
a conductive via at block 410. A layer of resist is formed and
utilized with a suitable patterning process to remove portions
of the metal layer. The remaining portion forms the conduc-
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tive via. A suitable metal patterning process is utilized. It is
appreciated that other suitable patterning processes can be
utilized.

FIG. SE is a cross sectional view of the semiconductor
device after patterning the metal layer 514. The remaining
portion of the metal layer 514 is a conductive via. A layer of
resist used to pattern the metal layer 514 has been removed.

A second passivation layer is formed over the device at
block 412. The second passivation layer is also comprised of
a suitable passivation material, such as silicon nitride. The
passivation layer forms over the conductive via with a suitable
or enhanced coverage rate. As a result, the passivation layer
protects the underlying layers, including the conductive via.

In contrast, other techniques to form such passivation lay-
ers over conductive vias result in poor coverage and result in
gaps in the passivation layer. The use of the modulation spac-
ers mitigate creation of voids or gaps within the conductive
via. The voids or gaps prevent proper formation of the passi-
vation layer and permit damaging of underlying layers.

FIG. 5F is a cross sectional view of the semiconductor
device after formation of a second passivation layer 516. It
can be seen that the second passivation layer 516 covers all or
substantially all portions of the remaining metal layer 514.

It is appreciated that suitable variations of the method 200
and 400 are contemplated.

It will be appreciated that while reference is made through-
out this document to exemplary structures in discussing
aspects of methodologies described herein (e.g., the structure
presented in above figures, while discussing the methodology
set forth in above), that those methodologies are not to be
limited by the corresponding structures presented. Rather, the
methodologies (and structures) are to be considered indepen-
dent of one another and able to stand alone and be practiced
without regard to any of the particular aspects depicted in the
Figs.

Also, equivalent alterations and/or modifications may
occur to those skilled in the art based upon a reading and/or
understanding of the specification and annexed drawings.
The disclosure herein includes all such modifications and
alterations and is generally not intended to be limited thereby.
For example, although the figures provided herein, are illus-
trated and described to have a particular doping type, it will be
appreciated that alternative doping types may be utilized as
will be appreciated by one of ordinary skill in the art.

A semiconductor device having enhanced passivation
integrity is disclosed. The device includes a substrate, a first
layer, and a metal layer. The first layer is formed over the
substrate. The first layer includes a via opening and a tapered
portion proximate to the via opening. The metal layer is
formed over the via opening and the tapered portion of the
first layer. The metal layer is substantially free from gaps and
voids. The first layer is a hardmask layer in one example. The
first layer is a passivation layer in another example.

Another semiconductor device having enhanced passiva-
tion integrity is disclosed. The device includes a substrate, a
hardmask layer, and a metal layer. The hardmask layer is
formed over the substrate. The hardmask layer includes a via
opening, a tapered portion proximate to the via opening, and
modulation bar openings within the tapered portion. The
metal layer is formed over the via opening and the tapered
profile of the hardmask layer. The metal layer is substantially
free from gaps and voids.

A method of fabricating a semiconductor device is dis-
closed. A substrate is provided. A first layer is formed over the
substrate. A via opening and modulation bar openings are
formed in the first layer. A tapered portion of the first layer
about the modulation bar openings is generated. A metal layer
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is formed over the device using the tapered portion, the modu-
lation bar openings, and the via openings. The metal layer is
substantially free from gaps and voids.

Another method of fabricating a semiconductor device is
disclosed. A substrate is provided. A hardmask layer is
formed over the substrate. A via opening and modulation bar
openings are formed in the hardmask layer. A tapered profile
orportion is generated on the hardmask layer about the modu-
lation bar openings. A metal layer is formed over the device
using the tapered profile, the modulation bar openings and the
via opening. The metal layer is substantially free from gaps
and voids.

A method of fabricating a semiconductor device is dis-
closed. A substrate is provided. A first passivation layer is
formed over the substrate. A hardmask layer is formed over
the substrate. A via opening and modulation bar openings are
formed in the hardmask layer. A metal layer is formed over
the device using the modulation bar openings. The metal layer
is substantially free of voids. The metal layer is patterned to
form a conductive via. A second passivation layer is formed
over the conductive via. The second passivation layer is free
from gaps.

Another method of fabricating a semiconductor device is
disclosed. A substrate is provided. A first layer is formed over
the substrate. The first layer is patterned to define an opening.
A thin film is formed over the device. A spacer etch is per-
formed to remove portions of the thin film and leave modu-
lation spacers at sidewalls of the opening. A metal layer is
formed over the device using the modulation spacers to miti-
gate formation of gaps in the metal layer.

While a particular feature or aspect may have been dis-
closed with respect to only one of several implementations,
such feature or aspect may be combined with one or more
other features and/or aspects of other implementations as may
be desired. Furthermore, to the extent that the terms
“includes”, “having”, “has”, “with”, and/or variants thereof
are used herein, such terms are intended to be inclusive in
meaning—like “comprising.” Also, “exemplary” is merely
meant to mean an example, rather than the best. Itis also to be
appreciated that features, layers and/or elements depicted
herein are illustrated with particular dimensions and/or ori-
entations relative to one another for purposes of simplicity
and ease of understanding, and that the actual dimensions
and/or orientations may differ substantially from that illus-
trated herein.

What is claimed is:

1. A semiconductor device, comprising:

a substrate;

a layer disposed over the substrate and including an open-
ing extending through the layer, the opening being lat-
erally bound by inner sidewalls of the layer;

a plurality of bar or pillar structures arranged in a periph-
eral portion of the opening and collectively laterally
surrounding a central portion of the opening; and

a metal body extending through the opening to separate
neighboring bar or pillar structures within the plurality
of'bar or pillar structures from one another.

2. The semiconductor device of claim 1, wherein the plu-
rality of bar or pillar structures and the layer have the same
material composition.

3. The semiconductor device of claim 1:

wherein the central portion of the opening has a first lateral
distance defined between an inner sidewall of a first bar
or pillar structure, which is nearest the central portion of
the opening and arranged on a first side of the central
portion of the opening, and an inner sidewall of a second
bar or pillar structure, which is nearest the central por-
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tion of the opening and arranged on a second opposite
side of the central portion of the opening; and

wherein nearest sidewalls of neighboring bars or pillars on

the first side or second side are separated by a second
lateral distance which is less than the first lateral dis-
tance.

4. The semiconductor device of claim 3, wherein the first
lateral distance is at least three times greater than the second
lateral distance.

5. The semiconductor device of claim 3, wherein the first
lateral spacing is greater than approximately 2 micrometers
and the second lateral spacing is greater than approximately
0.5 micrometers.

6. The semiconductor device of claim 1, wherein the plu-
rality of bar or pillar structures have a plurality of lateral
widths, respectively, which are substantially equal to one
another.

7. The semiconductor device of claim 6, wherein the plu-
rality of bar or pillar structures have a plurality of lengths,
respectively, and wherein at least two of the plurality of
lengths differ from one another.

8. The semiconductor device of claim 7, wherein two or
more of the plurality of bar or pillar structures have two or
more lengths, respectively, which are proportional to respec-
tive distances from a center of the central portion of the
opening to the two or more of the plurality of bar or pillar
structures, respectively.

9. The semiconductor device of claim 1, wherein the layer
comprises a nitride or silicon dioxide layer.

10. The semiconductor device of claim 1, wherein the
plurality of bars or pillar structures have upper surfaces that
are substantially co-planar with one another and which are
substantially co-planar with an upper surface of the layer.

11. The semiconductor device of claim 1, wherein an inner-
most bar on one side of the central opening has a first height,
and an outermost bar on the one side of the central opening
has a second height that differs from the first height.

12. The semiconductor device of claim 11, wherein the
plurality of bar or pillar structures have a plurality of heights,
respectively, which monotonically increase from the inner-
most bar to the outermost bar.

13. The semiconductor device of claim 1, further compris-
ing:

another layer conformally disposed over an upper surface

and sidewall regions of the metal body.

14. A semiconductor device, comprising:

a substrate;

a first layer disposed over the substrate;

a second layer disposed over the first layer and differing in

material composition from the first layer; and

a metal body disposed over the second layer and including

a central portion and a peripheral portion which extend
downwardly through the first and second layers, wherein
the central portion has a first lateral width across which
the metal body is continuous, and wherein the peripheral
portion has a plurality of ridges or pillars laterally sepa-
rated from one another by a plurality of pillar or bar
structures, respectively, wherein the pillar or bar struc-
tures collectively laterally surround the central portion
of the metal body.

15. The semiconductor device of claim 14, further com-
prising:

a third layer conformally disposed over an upper surface

and sidewall regions of the metal body.

16. The semiconductor device of claim 14:

wherein an innermost pillar or bar structure nearest one

side of the central portion of the metal body has a first
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height, and an outermost pillar or bar structure on the
one side of the central portion has a second height that
differs from the first height; and

wherein the plurality of pillar or bar structures have a
plurality of heights, respectively, which monotonically
increase from the innermost pillar or bar structure to the
outermost pillar or bar structure.

17. A semiconductor device, comprising:

a substrate;

a conductive layer over the substrate;

a first layer disposed over the conductive layer, the first
layer having an opening which extends through the first
layer and which is laterally bound by inner sidewalls of
the first layer;

atapered region disposed on the conductive layer along the
inner sidewalls of the first layer but leaving a surface
region of the conductive layer exposed; and

5
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a metal body disposed over the tapered region and over the
first layer and extending downwardly between the
tapered region to abut the surface region of the conduc-
tive layer.

18. The semiconductor device of claim 17, further com-

prising:

a passivation layer conformally disposed over an upper
surface and sidewalls of the metal body.

19. The semiconductor device of claim 17, wherein the
tapered region has a sidewall angle of greater than about 100
degrees as measured from the surface region of the conduc-
tive layer to a sidewall of the tapered region.

20. The semiconductor device of claim 17, wherein the
conductive layer has outer sidewalls that are spaced apart by
a first distance, and the inner sidewalls of the first layer are
spaced apart by a second distance that is less than the first
distance.



